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TITLE OF THE INVENTION 
METHOD AND SYSTEM FOR REGULATING THE 
DECISION THRESHOLD AND THE SAMPLING CLOCK 
5 PHASE OF A DATA REGENERATOR FOR A BINARY SIGNAL 

BACKGROUND OF THE INVENTION 
The present invention relates to a method for regulating the decision 
threshold and/or the phase of a sampling clock signal of a data regenerator for a 
binary signal by evaluation of error correction signals. 
10 Numerous circuits are known in which the decision threshold of a data 

regenerator and the phase of the sampling clock signal are corrected on the basis of 
criteria which are obtained from the received signal. In addition, there is a further 
group of data regenerators which, in the case of a redundant binary signal, utilize 
the error detection/error correction for controlling the decision threshold and the 
15 phase angle. 

The published patent application DE 197 17 642 Al discloses a method in 
which the decision threshold and the phase are varied with the aid of a control until 
the error rate reaches a minimum. In this method, the phase angle and the threshold 
always hunt around the optimum. 
20 The patent US 4,360,926 discloses a digital PLL (phase-locked loop) in 

which a phase comparison is carried out between the received signal and the 
sampling clock signal and, in addition, information of the error detector is used for 
optimization. 

It is an object of the present invention, therefore, to develop a method and 
25 system for optimizing the decision threshold and/or the phase angle of the sampling 
clock signal. 

SUMMARY OF THE INVENTION 
Pursuant to the present invention, either the decision threshold or the 
sampling phase, or both, can be regulated by using the correction signals in 
30 connection with taking account of the logic state of the binary signal. 
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One advantage of this method is that it operates even at relatively high bit 
error rates. 

In order to regulate the decision threshold, use is made of the difference 
between the number of corrected I -bits, that is to say the corrected bit becomes a 
5 binary zero, and the number of corrected 0-bits, where correction into a binary one 
is effected. It is also possible to evaluate the quotient of corrected 1-bits to 0-bits 
(or vice versa). In the case of unbalanced codes, the relation of binary ones to 
binary zeros should be taken into account. 

The correction signals are likewise used for regulating the phase of a 
10 sampling clock signal. For this purpose, a check is made to determine whether the 
number of corrections is larger before or after a transition between two different 
(corrected) binary states. 

A corresponding arrangement can be achieved in an all-digital manner, 
thereby avoiding problems due to temperature dependence or aging as in the 
15 conventional clock regenerators. 

It is also advantageous to monitor the frequency of corrections which, under 
constant transmission conditions, reproduces the mode of operation of the 
regulation. With optimized sampling, the frequency of corrections is a criterion for 
the signal quality which is additionally used for controlling the time constants of the 
20 regulating devices. 

It is also advantageous to limit the variation range of the decision threshold 
in order for the operational capability to always be ensured. 

The method according to the present invention also can be combined with 
the conventional analog methods in which the received signal is compared with the 
25 sampling clock signal for the purpose of phase correction. 

Additional features and advantages of the present invention are described in, 
and will be apparent from, the following Detailed Description of the Invention and 
the Figures. 

BRIEF DESCRIPTION OF THE FIGURES 
30 Figure 1 shows a basic circuit diagram of a data regenerator. 
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Figure 2 shows a timing diagram for the regulation of the decision 
threshold. 

Figure 3 shows a timing diagram for the regulation of the phase of the 
sampling clock signal. 
5 DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 illustrates the data regenerator 1 - 6 according to the present 
invention. The signal BS is fed to a decision stage 1 and compared with a 
comparison value, the decision threshold TH. The binary output signal of the 
decision stage 1 is fed to the data input D of a sampling flip-flop 2 and its data bits 

10 are ideally latched (stored), in each case, in the bit center with a sampling clock 
signal TS generated by a controlled oscillator (VCO) (not illustrated) of a clock 
regenerator 3 (e.g., a phase-locked loop PLL). From the data output of the 
sampling flip-flop 2, the binary signal passes to an error correction device (FEC) 4, 
which outputs a corrected binary signal CBS at its data output. 

15 On the basis of redundant information, the error correction device 4 

identifies which bits of the binary signal are disturbed and corrects them by 
inversion. The correction signals are combined here with the binary state of the as- 
yet-uncorrected bit (logic combination with the state of the corrected bit is 
equivalent) and output as correction signals Kl and K0, respectively. Kl refers to a 

20 bit stored as binary state "1" in the sampling flip-flop 2 being corrected into the 
binary state "0"; K0 refers to a correction of the binary state "0" into the binary 
state "1". A decision threshold regulator 5 forms the difference between the sums 
of the Kl correction signals and K0 correction signals ZK1 - SK0 and 
correspondingly shifts the threshold TH of the decision stage 1. The measurement 

25 intervals can be adapted to the bit error rate. It is also possible to count up to a 
specific number of correction operations, or have both methods combined. 

The diagram of Figure 2 illustrates the temporal profile of the amplitude A 
of an undisturbed binary signal BS as a function of time t as a solid line, which 
signal is sampled at the receiving end at instants T 0 , Ti„ T 2 , However, the 

30 decision threshold (sampling threshold) TH is not at its ideal value TH 0 (broken 
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line), but significantly lower. An ideal signal BS is now still sampled correctly. 
However, if signal distortions now occur, then in the case of a disturbed 
signal (shown by a broken line), a corruption of the binary "0" into a binary "1" is 
very easily possible, which is reversed again by a correction operation Kl. If the 
5 correction signals Kl outweigh the far less likely correction signals KO, then the 
decision threshold TH must be shifted in the direction of the optimum threshold S 0 ; 
in this case, toward higher values. Assuming that the binary "1" has the higher 
level, the following holds true for the decision threshold TH: 
(1) EK1 > EK0 => TH higher 

© 10 (2) EK1 < ZK0 TH lower 

In the case of an unbalanced code, the following holds true (including 
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mathematical transformations): * J 

Zki Zko mTT _ . . 

(3) — > — =>TH higher 

NO Nl 

(4) ±i±± < — — => TH lower 

NO Nl 

15 It is equally possible, as mentioned in the introduction, to compare the 

quotients of the summed correction signals with the quotient of the sum of the 
binary zeros HO with the sum of the binary ones Nl, whereby the ratio of binary 
zeros to ones is likewise taken into account. 
Q The range in which it is possible to shift the decision threshold can be 

20 limited, so that the clock regenerator or the receiver always remains functional. 

In a similar manner, correction signals KBT (before transition) and KAT 
(after transition) are obtained before and after the transition between two binary 
states. This is again done by combination of the correction signal with, in each 
case, a (corrected) bit before and after the transition between two binary states of 
25 the corrected signal, which generally corresponds to the original binary signal, 
j Figure 3 again shows the amplitude profile of the binary signal BS as a 

| function of time t. The desired sampling instants are denoted by T 0 , Ti, T 2 , 

\ whereas the actual instants are denoted by T 0 i, T u , T 2 i. A phase error <p of the 
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sampling signal relative to the ideal sampling instant or the signal, referred to as 
phase for short, increases the likelihood of incorrect samples in the case of state 
changes. By virtue of the fact that the sampling instant toi moves nearer to the 
transition between the binary states, an "erroneous" sampling is effected in the case 
5 of additional influencing/disturbances of the binary signal BS (shown by a broken 
line). In this case, a 0-bit is sampled, which is corrected into a 1-bit by a correction 
operation KBT. By contrast, the phase shift of the clock signal is unimportant at 
the instant T u , since no signal transition takes place in the vicinity. Only in the 
vicinity of the instant T 2 j does the binary state change again from "0" to "1", as a 
^ io result of which the likelihood of erroneous sampling increases again. In the case of 

the bit sequence illustrated, it is highly likely that there will be more phase 
corrections KBT during the transition from "1" to "0", as a result of the binary state 
"0" that is then maintained, than after the transition. 

If the bit is incorrectly sampled as "0" before the signal transition in the case 
15 of a disturbed signal (shown by a broken line) and subsequently corrected, a phase 
correction signal KBT is output; which, in this case, indicates the correction of a 
binary "0" into a "1". Since the next (if appropriately corrected) bit is a zero, a 
transition between the binary states is present in the ideal or alternatively corrected 
binary signal. By contrast, if the bit is corrected after the transition, a phase 

20 correction signal KAT (After Transition) is output. These signals are summed in a 

0 .... 

phase regulator 6 and the sums are compared with one another. The result of this 
comparison, a clock phase correction signal PH, controls or corrects the phase angle 
of the clock signal TS in relation to the binary signal BS until the number of both 
correction signals has the same value. The following holds true: 

25 (5) SKBT > ZKAT => phase TS accelerate or increase frequency 

(6) 2KBT < ZKAT => phase TS decelerate or lower frequency 
The phase difference cp of the clock signal TS relative to the ideal sampling 
instants T 0> Ti, T 2 , .... for the binary signal BS V is to be reduced in the example 
illustrated. The same applies, correspondingly, in the case of a leading phase of the 

30 clock signal. 
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In the exemplary embodiment of Figure 1, the phase of the clock signal 
generated by the clock regenerator 3, designed here as a phase-locked loop (PLL), is >■* 
corrected. As a rule, the correction will be small and can be limited. The phase can 
be changed in any desired manner; particularly, by simple intervention in the 
5 phase-locked loop as in the exemplary embodiment. 

Without additional measures, the method of the present invention operates 
only if, before or after a transition between the binary states, the binary state is 
preserved for at least one further bit. In the case of a 1 01 0 change, it is highly likely 
that the phase correction signals will cancel out. They also can be suppressed by 
10 evaluation of the bit sequences. In the case of a continual change of binary zeros 

and binary ones, the phase correction is not achieved without additional measures. yj0 
However, this situation does not occur in customary data transmission and, 
moreover, the function of the analog phase regulation is preserved. 

By monitoring the correction rate, it is possible to check the transmission 
1 5 link and control the regulating devices of the data regenerator. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art will recognize that changes may be made ~.f. 
thereto without departing from the spirit and scope of the invention as set forth in 
the hereafter appended claims. 
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